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0 METHOD AND DEVICE FOR CLEANING. 
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© A method and device for cleaning, in which an object to be cleaned is washed or rinsed with cleaning or 
rinsing agent constituted mainly of non-aqueous solvent and hydrophilic solvent and is dried after removing 
cleaning or rinsing agent sticking to the surface of said object with the application of cleansing agent constituted 
mainly of perfluorocarbon or vapor thereof. In another way, the object, after washed with aqueous cleaning agent 
or in water, is cleaned and dried with the application of cleaning agent constituted mainly of perfluorocarbon or 
vapor thereof. Cleansing agent constituted mainly of perfluorocarbon or vapor thereof is also applicable to 
cleaning and rinsing of an object to be cleaned. 
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This invention relates to a cleaning method and a cleaning apparatus which cause little environmental 
pollution and operate with high safety. 

Various parts such as metallic parts, plated parts, coated parts, electronic parts, and semiconductor 
parts suffer adhesion thereto of machine oil and other similar fouling substances while they are in the 

5 process of manufacture or assemblage. It has been customary for these defiled parts to be cleaned with 
fluorinated hydrocarbon (hereinafter referred to briefly as "Freon") type solvents and chlorine type solvents 
because of their outstanding cleaning power and their nonflammability and consequent freedom from the 
danger of ignition. As parts subjected to special cleaning, such parts as semiconductor wafers and LCD 
quality substrates which abhor a water mark intensely and demand ultraprecision cleaning are cited. In the 

w filed of cleaning of parts under discussion, the vapor washing (in the drying process) as with Freon 113 has 
been heretofore adopted as the finishing step of cleaning. 

Recently, since the effects which Freon type solvents produce on human bodies and the environment 
have come to raise a grave issue, however, the desirability of a cleaning method which permits ul- 
traprecision cleaning comparable favorably with that obtainable with a Freon type solvent and avoids 

75 exerting any adverse effect on the environment has been finding enthusiastic recognition. 

As prospective substitutes for the Freon type solvents, various cleaning aqueous and nonaqueous types 
have been proposed. For example, the development of Freon type substances having a lower ozone 
destruction coefficient than the existing Freon type solvents is now under way and the study of feasibility of 
the aqueous cleaning and the cleaning with an organic solvent containing no chlorine is also under way. 

20 The feasibility of using vapor drying with isopropyl alcohol (hereinafter referred to briefly as "IPA"), hot air 
drying, etc. in the place of vapor drying with Freon type solvents has been under study. 

Many of the substitute cleaning agents mentioned above are defective in respect that while they are 
indeed capable of cleaning given surfaces, the surfaces cleaned therewith are required to be rinsed. The 
organic type substitute cleaning agents are defective in the sense that they often manifest on human bodies 

25 not negligible toxicity. Newly developed Freon type substances are not absolutely incapable of environmen- 
tal pollution and, therefore, are not regarded as preferred substitutes. 

For example, after a given part has been cleaned with an aqueous type cleaning agent and rinsed with 
water, it is necessary in point the of the quality of cleaning that the surface of the cleaned part wet with 
adhering water should be uniformly and quickly dried. By the conventional method for forcibly vaporizing 

30 the water as by the hot air drying, however, the prevention of a water mark is very difficult to achieve. 

The vapor drying with IPA is indeed capable of yielding comparatively favorable results. When the 
preceding step is executed by the use of an aqueous cleaning agent and an agent adapted for rinsing, 
there arises the disadvantage that since water and IPA have close boiling points, the water is removed only 
with great difficulty from IPA and the water mingling in IPA is liable to form a water mark. This drawback, 

35 coupled with the fact that many of the substitute cleaning agents mentioned above require the parts cleaned 
therewith to be rinsed with water, constitutes an obstacle on the way of practical utility of the method of 
vapor drying with IPA. Further, IPA is defective in respect that since it has a lower flash point 11.7°C than 
normal room temperature, it always entails the possibility of catching fire under normal conditions of use. 
Further, since IPA exhibits high toxicity to human bodies, an increasingly rigid restriction is imposed on its 

40 use in the field of cleaning. 

In the circumstances, an earnest desire has been expressed for the development of a cleaning method 
which produces as effective cleaning as the method resorting to the use of a Freon type solvent without 
entailing any environmental pollution and which particularly obviates the necessity for using a nonaqueous 
cleaning treatment anywhere throughout the entire process of cleaning. In the filed requiring ultraprecision 

45 cleaning, the desirability of a cleaning method which imparts to the cleaned part as high resistance to water 
mark as attainable by the vapor cleaning with a Freon type solvent without entailing any environmental 
pollution has been finding enthusiastic recognition. 

Many of the non-aqueous type solvents which are regarded as promising substitutes for Freon type 
cleaning agents are inflammable substances. When the part which has been cleaned with such an 

50 inflammable solvent is simply subjected to drying by heating or to vapor drying as with the IPA, therefore, 
the inflammable solvent adhering to the part has the possibility of catching fire. To preclude this danger, the 
practice of blowing air on the cleaned part thereby expelling the adhering inflammable solvent from the part 
is now in vogue. This practice, however, is very uneconomical because the inevitable release of the air 
impregnated heavily with the inflammable solvent into the ambient air threatens air pollution or fire and even 

55 aggravates the consumption of the solvent. 

In the circumstances, in respects to the use of an inflammable solvent as a cleaning agent, the 
desirability of a safe and economical cleaning method which precludes the possibility of entailing air 
pollution or fire and allows effective recovery of the cleaning agent after use has been finding enthusiastic 
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recognition. 

This invention, conceived in the urge to cope with the problems encountered by the prior art as 
described above, has as one object thereof the provision of a cleaning method and a cleaning apparatus 
which produce as high cleaning effect as the cleaning with a Freon type solvent or the cleaning by vapor 

s drying and diminish the possibility of environmental pollution. Another object of this invention is to provide, 
in the field necessitating superprecision cleaning, a cleaning method and a cleaning apparatus which allows 
impartation to the cleaned part as high resistance to water mark as attained by the vapor cleaning with a 
Freon type solvent and, at the same time, avoid entailing any environmental pollution. Yet another object of 
this invention is to provide a safe and economical cleaning method which, in the use of the inflammable 

w solvent as a cleaning agent, precludes the danger of air pollution or fire and allows effective recovery of the 
used cleaning agent. Disclosure of the Invention: 

The first cleaning method of this invention is characterized by effecting the cleaning of the part, the 
rinsing of the cleaned part, and the drying of the wet cleaned part with a cleaning agent having a 
perfluorocarbon as a main component or the vapor of this cleaning agent. 

75 The second cleaning method is characterized by comprising the step of cleaning a part by the use of a 
cleaning agent containing a nonaqueous type solvent or an aqueous type solvent and the step of rinsing the 
cleaned part with a rinsing agent having a perfluorocarbon as a main component thereof thereby removing 
the cleaning agent adhering to the surface of the cleaned part. 

The third cleaning method is characterized by comprising the step of cleaning a part by the use of a 

20 cleaning agent containing a nonaqueous type solvent or an aqueous type solvent and the step of drying the 
wet cleaned part by the use of the vapor of a vapor cleaning agent having a perfluorocarbon as a main 
component. 

The cleaning apparatus of this invention is characterized by comprising an apparatus proper furnished 
as laid therein with a conveying mechanism for parts subjected to cleaning and provided with an inlet and 

25 an outlet for the conveying mechanism, cleaning means disposed on the inlet side of the conveying 
mechanism inside the apparatus proper, and drying means disposed on the outlet side of the conveying 
mechanism inside the apparatus proper and adapted to operate with the vapor of a cleaning agent having a 
perfluorocarbon as a main component thereof. 

The cleaning agent having a perfluorocarbon as a main component thereof and used for this invention is 

30 capable of effectively drying the wet cleaned part and, at the same time, capable of cleaning the part and 
rinsing the cleaned part. Further, after the part has been cleaned with an aqueous type cleaning agent and 
then rinsed as with water, the cleaning agent contemplated by this invention can be used effectively for 
removing the water adhering to the surface of the cleaned part, though this removal of the adhering water 
partly overlaps the aforementioned work of drying. 

35 The perfluorocarbon mentioned above is a compound in which all the substitutes joinable to the carbon 
atoms in the molecular configuration thereof are fluorine atoms. Generally, it assumes a liquid state at 
normal room temperature. In some of the commercially manufactured species of perfluorocarbon, however, 
these substituents are not fluorine atoms but may partly include hydrogen, chlorine, or bromine atoms as 
impurities. These impurities are unavoidable by reason of manufacture. They are contained in such species 

40 of perfluorocarbon in a proportion approximately in the range of from 0.5% to 5.0%. The impurities 
contained in this proportion offer no hindrance to the practical utility of the perfluorocarbon. The per- 
fluorocarbon contemplated by this invention, therefore, embraces the species containing these impurities. 
Further, the perfluorocarbon for use in this invention is not restricted to that which has a main chain formed 
solely of carbon atoms but is allowed to partly contain an oxygen atom in the form of an ether linkage or a 

45 nitrogen atom, a silicon atom, etc. 

The perfluorocarbon of the quality is nonflammable, nontoxic, and odorless and enjoys very high safety. 
Since it contains substantially no chlorine, it has no possibility of entailing environmental pollution. Further, 
since it possesses volatility comparable with that of a Freon type solvent and avoids corroding various 
materials including metals, plastics, and glass, it manifests cleaning and drying effects effectively and fully 

50 satisfactorily on parts made of various materials. 

The perfluorocarbon is immiscible with various solvents including water and excluding fluorine type 
solvents. Even if such an immiscible cleaning agent finds its way in the cleaning step or rinsing step using 
the perfluorocarbon, therefore, it can be recovered and put to reuse without difficulty. A commercially 
available species of perfluorocarbon, for example, has a specific gravity approximately in the range of from 

55 1.6 to 2.0 at 25 °C, a value larger than the specific gravities of ordinary nonaqueous type solvents and 
aqueous type solvents. By virtue of this difference in specific gravity, therefore, the perfluorocarbon can be 
separated by sedimentation. As a result, the recovery for reuse of both the perfluorocarbon and the cleaning 
agent or rinsing agent can be attained. When the cleaning agent having the perfluorocarbon as a main 
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component thereof is used for the removal of water adhering to a surface, for example, owing to a large 
difference in specific gravity between the perfluorocarbon and water, the removal of the adhering water and 
the drying of the wet cleaned part can be effectively carried out and, at the same time, the separation of the 
perfluorocarbon from the water can be accomplished. Optionally, the separation of the perfluorocarbon from 
5 the cleaning agent or the rinsing agent may be accomplished by distillation owing to their different boiling 
points. 

The perfluorocarbons which are effectively usable in this invention include those represented by the 
general formula, C n F 2n + 2 (wherein N stands for an integer in the range of from 4 to 12), those represented 
by such molecular formulas as CsFg^Fs, C5F10, CgFi 2 , CgFi 2 0, CgFi4, C7F14, C7F14O, C7F16, CsFigO, 
10 CsFis, CgFisO, and C10F20O, and those represented by such structural formulas as 
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30 (wherein p and q severally stand for an arbitrary integer), for example. These perfluorocarbons are usable 
singly or in a mixture in this invention. As commercially available products, Florinate FC-72 (b.p. 56 °C), 
ditto FC-84 (b.p. 80 °C), ditto FC-77(b.p. 97° C), ditto FC-75 (b.p. 102°C), ditto FC-40 (b.p. 155 0 C), and 
ditto FC-43 (b.p. 174°C) [produced by Sumitomo-3M K.K.], Garuden D 80 (b.p. 84 0 C), ditto D100 (b.p. 
102°C), and ditto D01 (b.p. 110° C) [produced by Nippon Montedison K.K.], Afflude E-8(b.p. 82 6 C) and 

35 ditto E-10 (b.p. 100°C) [produced by Asahi Glass Company, Ltd.)], and Technocare FRV-1 (b.p. 100°C; 
produced by Kabushiki Kaisha Toshiba) may be cited, for example. Such commercially available products 
of various perfluorocarbons as various Garuden series produced by 3M Company of the U.S.A., various 
Garuden series produced by Montedison of Italy, and various Technocare FRV series produced by 
Kabushiki Kaisha Toshiba are similarly usable herein. 

40 The perfluorocarbons are producible with varying boiling points, depending on chemical structure. For 
use in the drying step, a given perfluorocarbon is desired to have a boiling point of not less than 20 °C 
lower than the boiling point of the cleaning agent to be used in the cleaning step. This difference in boiling 
point prevents the cleaning agent from adhering again to the cleaned part in the drying step. This difference 
in boiling point is desired to be not less than 50 °C, preferably not less than 100°C. 

45 The perfluorocarbon liquid described above may be used by itself or as mixed with auxiliary agents. 
The auxiliary agents mentioned above include a solvent which is added to the perfluorocarbon for the 
purpose of enhancing the cleaning ability thereof when the cleaning power exhibited by the perfluorocarbon 
alone to the defiling substances remaining on the cleaned part is not sufficient and a solvent which is added 
thereto for the purpose of enhancing the water-removing ability thereof when the ability manifested by the 

50 perfluorocarbon by itself in removing the water remaining on the cleaned part is not sufficient, for example. 

As examples of the auxiliary agents, terpene type solvents, hydrocarbon type solvents, silicone type 
solvents, kerosene, Freon type solvents, nonaqueous type solvents such as chlorine type organic solvents, 
and hydrophilic solvents such as alcohols may be cited. It is naturally desirable to avoid using such Freon 
type solvents as Freon 113 and such chlorine type organic solvents as 1 ,1 ,1-trichloromethane on account of 

55 environmental pollution and poor safety. Their adverse effects on the environment, however, can be 
alleviated to a large measure by the use of the perfluorocarbon as a main component of the cleaning agent. 
When the perfluorocarbon is used in combination with such auxiliary agents as mentioned above, the total 
amount of the auxiliary agents to be incorporated is desired to be not more than 70% by volume, preferably 
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not more than 50% by volume, and ideally not more than 30% by volume, based on the amount of the 
perfluorocarbon. Specifically, the ease with which the object of this invention is accomplished is increased 
by lowering the degree of influence of the Freon type solvent upon the environment below 0.7, preferably 
below 0.5, and ideally below 0.3 (Fig. 10). When an inflammable solvent is used as an auxiliary agent, it is 

s desired to have a boiling point higher than the boiling point of the perfluorocarbon. 

At the cleaning step of this invention, the cleaning agent to be used therein may be selected so as to 
suit the nature of cleaning aimed at such as, for example, the cleaning for removal of grease, the cleaning 
for removal of water, or the precision cleaning. To be specific, this cleaning step allows use of the 
aforementioned cleaning agent having a perfluorocarbon as a main component, nonaqueous type cleaning 

w agents having such nonaqueous type solvents as silicone type solvents, hydrocarbon type solvents, terpene 
type solvents, and kerosene as a main component, hydrophilic type cleaning agents having such hydro- 
philic solvents as alcohol type solvents as a main component, and water-soluble cleaning agents such as 
alkali type cleaning agents, neutral type cleaning agents, and acid type cleaning agents. As concrete 
cleaning means, an immersion bath or a shower bath may be used optionally in combination with ultrasonic 

75 waves, vibrations, or mechanical agitation, for example. 

The solvents which are usable as a main component for the cleaning agent described above will be 
explained in detail below. As a silicone type solvent among the nonaqueous type solvents, at least one low 
molecular polyorganosiloxane selected from the group consisting of linear polydiorganosiloxanes repre- 
sented by the general formula: 

20 




(wherein R's independently stand for a substituted or unsubstituted monovalent hydrocarbon group and m 
30 stands for an integer in the range of from 0 to 5) and cyclic polydiorganosiloxanes represented by the 
general formula: 




(wherein R's independently stand for a substituted or unsubstituted monovalent hydrocarbon group and n 
stands for an integer in the range of from 3 to 7) may be cited. 

45 The low molecular polyorganosiloxane mentioned above by itself exhibits excellent penetrating power 
and volatility in delicate contours of such parts subjected to cleaning as metallic parts, electronic parts, 
semiconductor parts, and coated parts, imparts rustproofness to the cleaned parts, and manifests highly 
satisfactory replaceability with water. A polydiorganosiloxane of a linear structure represented by the 
formula (I) and a polydiroganosiloxane of a cyclic structure represented by the formula (II) may be used 

50 together in a combined form. In the formula (I) and the formula (II) mentioned above, R's independently 
stand for a substituted or unsubstituted monovalent hydrocarbon group. Unsubstituted monovalent hy- 
drocarbon groups like alkyl groups such as methyl, ethyl, propyl, and butyl and a phenyl group and 
substituted monovalent hydrocarbon groups such as trifluoromethyl may be cited as concrete examples. In 
point of stability of the formed system and maintenance of volatility, methyl proves to be the best choice. 

55 As hydrocarbon type solvents, those of alkylbenzene type solvents and paraffin type solvents which 
possess volatility may be cited. They may be used either singly or in the form of a mixture of two or more 
members. As paraffin type solvents effectively usable herein, volatile isoparaffins having 1 to 30 carbon 
atoms may be cited. Among other volatile isoparaffins, the isoparaffins having fractions of C3 to C15 as a 
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main component prove to be particularly desirable in point of the cleaning ability. These hydrocarbon type 
solvents possess volatility, enjoy harmlessness and odorlessness, and manifest the same effectiveness as 
the aforementioned low molecular polyorganosiloxanes. The terpene type solvents are formed mainly of oil 
extracted from oranges. 

5 As hydrophilic solvents which are usable as a main component of the cleaning agent contemplated by 
this invention, such alcohol type solvents as higher alcohol type solvents and polyhidric alcohol type 
solvents may be cited. 

The nonaqueous type solvent described above exhibits a cleaning ability even in its simple form. 
Depending on the purpose of use, it is desired to be used as mixed with a cleaning ability-improving agent 
w which is capable of imparting and enhancing the cleaning ability of the solvent. When the cleaning ability- 
improving agent is used, the cleaned part is desired to be subjected to a rinsing treatment with a silicone 
type solvent or a hydrocarbon type solvent or with a perfluorocarbon. This rinsing treatment contributes to 
facilitating the work of drying by the use of a vapor cleaning agent having a perfluorocarbon as a main 
component. 

75 As cleaning ability-improving agents which are effectively usable for such nonaqueous type solvents as 
silicone type solvents and hydrocarbon type solvents, surfactants and hydrophilic solvents which possess 
compatibility with such agents may be cited. The surfactants are classified by chemical structures 
responsible for manifestation of their activities under cation type, anion type, nonionic type, amphoteric 
type, and composite type. This invention allows use of these surfactants without reference to their types. 

20 The surfactant particularly contributes to improving the cleaning ability of the cleaning agent. 

In these surfactants, those which are used particularly desirably include anionic surfactants represented 
by polyoxyalkylene alkylether sulfonates and phosphoric esters, nonionic surfactants represented by 
polyhydric alcohol fatty acid esters, polyoxyalkylene fatty acid esters and polyoxyalkylene alkyl ethers, 
amphoteric surfactans represented by imidazoline derivatives, and cationic surfactans represented by 

25 alkylamine salts and alkyl quaternary ammonium salts, for example. Terpene type solvents and higher fatty 
acid esters are also usable. Further, the synthetic compounds having part of the chemical structures of the 
various compounds mentioned above substituted by fluorine atoms or silicon atoms are also usable. 

The hydrophilic solvents which have flash points exceeding 40 °C prove to be particularly desirable in 
point of ease of use. The hydrophilic solvents include polyhydric alcohols such as ethylene glycol 

30 monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol 
monobutyl ether, ethylene glycol monobutyl ether acetate, and diethylene glycol monobutyl ether and 
derivatives of these polyhydric alcohols, for example. 

In the use of the cleaning agent which incorporates therein the cleaning ability-improving agent, the 
mixing ratio of the cleaning ability-improving agent is not particularly restricted. The mixing ratio of the 

35 surfactant is desired to be not more than 20 parts by weight, preferably not more than 3 parts by weight, to 
100 parts by weight of the nonaqueous type solvent. The mixing ratio of the hydrophilic type solvent is 
desired to be not more than 100 parts by weight, preferably not more than 50 parts by weight, to 100 parts 
by weight of the nonaqueous type solvent. 

Illustrated cleaning ability-improving agents effectively usable particularly for terpene type solvents as 

40 nonaqueous type solvents include terpene type emulsion surfactants. 

In the cleaning method of this invention, the cleaning step for removal of grease or for removal of water 
is desired to be followed by a rinsing step using a rinsing agent selected from among the aforementioned 
nonaqueous type solvents containing a perfluorocarbon, lower alcohols such as methanol and ethanol, 
ordinary hydrophilic solvents such as acetone and methylethyl ketone, and water. 

45 Particularly where a cleaning agent having as a main component thereof an inflammable solvent like a 
terpene type solvent, a hydrocarbon type solvent, a silicone type solvent, kerosene, or an alcohol type 
solvent is used in the cleaning step, a rinsing treatment with a rinsing agent having a perfluorocarbon as a 
main component thereof yields a highly desirable result. The work of rinsing with perfluorocarbon is effected 
by immersing in the rinsing agent a part which has undergone the cleaning step, spouting the rinsing agent 

50 against the surface of the cleaned part, or exposing the cleaned part to the vapor obtained by heating the 
rinsing agent. These rinsing methods may be employed together simultaneously. 

By performing the rinsing treatment with a perfluorocarbon as described above, the inflammable solvent 
adhering to the surface of the cleaned part is separated from the cleaned part and then allowed to mingle 
into the rinsing agent having as a main component thereof a perfluorocarbon so that the inflammable 

55 solvent is removed. As a result, the drift of the inflammable solvent in the ambient air can be curbed to a 
marked extent and the possibility of the inflammable solvent entailing air pollution or catching fire can be 
diminished in a large measure. Further, since the perfluorocarbon is compatible with the cleaning agent to 
be used in this invention as described above, the perfluorocarbon and the cleaning agent can be separated 
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from each other and recovered independently of each other. As a result, the perfluorocarbon conspicuously 
contributes to minimizing the consumption of the cleaning agent and enhancing the economy of the 
cleaning operation. 

The cleaning step and the rinsing step by the use of the inflammable solvent described above are 
s desired to be carried out in an atmosphere of the inflammable vapor produced by thermally vaporizing the 
perfluorocarbon. In this matter, the cleaning and the rinsing with the inflammable solvent can be effected in 
the atmosphere which contains no oxygen or very little oxygen. Since the vapor of the perfluorocarbon has 
a larger specific gravity than air, the escape of the inflammable gas from the atmosphere or the mingling 
thereof in the ambient air can be prevented. Thus, the possibility of these steps entailing air pollution or fire 
w is diminished to a great extent and, at the same time, the cleaning operation can be performed with high 
efficiency. 

In the rinsing step of this invention, an alcohol type solvent may be used as a rinsing agent. In this 
case, the alcohol type solvent is desired to be used as cooled to below the flash point of the solvent. The 
drying of the cleaned part can be performed more easily by using an alcohol type solvent having a lower 

75 boiling point in the place of the nonaqueous type solvent of a relatively high boiling point. The alcohol type 
solvent suffered to adhere to the cleaned part in this case is inflammable. By subjecting the cleaned part 
coated with the inflammable solvent to drying by heating in the atmosphere of the vapor of the cleaning 
agent having a perfluorocarbon as a main component, however, the danger of the adhering inflammable 
solvent catching fire can be eliminated and the work of drying can be carried out with added safety. 

20 The drying step of this invention is effected by exposing the cleaned part having the cleaning agent and 
the rinsing agent deposited on the surface thereof to the vapor produced by heating the aforementioned 
vapor cleaning agent, i.e. the cleaning agent having a perfluorocarbon as a main component thereof. On the 
surface of the cleaned part, the vapor of perfluorocarbon remains in the form of dews until the temperature 
of the cleaned part reaches the boiling point of perfluorocarbon. Owing to the difference in specific gravity 

25 between the perfluorocarbon and the cleaning agent or the rinsing agent, the cleaning agent and the rinsing 
agent are removed from the cleaned part. Since the adhering perfluorocarbon is readily volatilized, the 
cleaned part is dried in a clean state. 

In the cleaning method of this invention, particularly in the cleaning step thereof, the nonaqueous 
cleaning operation throughout the entire process can be accomplished by using in the cleaning step a 

30 nonaqueous cleaning agent having as a main component thereof a nonaqueous type solvent such as a 
perfluorocarbon, a silicone type solvent, a hydrocarbon type solvent, a terpene type solvent, or kerosene 
and, where the cleaned part demands a rinsing treatment, using in the rinsing step a rinsing agent having a 
similar nonaqueous type solvent and subjecting the cleaned and rinsed part to vapor drying with a vapor 
cleaning agent having a perfluorocarbon as a main component. 

35 The cleaning apparatus contemplated by this invention physically embodies one example of the 
cleaning method of this invention described above. In the cleaning apparatus of this invention, the apparatus 
proper is formed in a hermetically sealed construction and this apparatus proper is provided therein with 
partition means for dividing the interior of the apparatus proper into two chambers. The two separated 
chambers are desired to be provided severally with air discharge means adapted to establish negative 

40 pressure inside the apparatus proper. The cleaning apparatus thus constructed precludes leakage therefrom 
of the vapor cleaning agent having a perfluorocarbon as a main component thereof, the cleaning agent, or 
the rinsing agent. Owing to the preclusion of the leakage coupled with the fact that the cleaning agent of 
this invention having a perfluorocarbon as a main component thereof and various solvents used therein are 
not compatible with each other and, therefore, can be recovered separately of each other, the amounts of 

45 these materials to be consumed can be reduced. 

The parts to be cleaned by the cleaning method with the cleaning apparatus both of this invention are 
parts of metallic materials, ceramics materials, and plastic materials. More particularly, these parts include 
metallic parts, surface-treated parts, electronic parts, semiconductor parts, electrical parts, precision 
mechanical parts, optical parts, glass parts, and ceramic parts, for example. 

50 

Brief Description of the Drawings: 

Fig. 1 is a diagram illustrating the construction of a cleaning apparatus as one embodiment of this 
invention, Fig. 2 is a diagram schematically illustrating the construction of a device for vaporizing a vapor 
55 cleaning agent having a perfluorocarbon as a main component and used in the cleaning apparatus 
illustrated in Fig. 1, Fig. 3 is a diagram schematically illustrating the construction of a cleaning agent 
recovery device to be used in the cleaning apparatus illustrated in Fig. 1, Fig. 4 is a diagram illustrating the 
construction of a cleaning apparatus as another embodiment of this invention, Fig. 5 is a cross section 
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illustrating the construction of a device for distillation of a defiled cleaning agent, Fig. 6 is a diagram 
illustrating a modification of cleaning means, Fig. 7 is a diagram illustrating the construction of a cleaning 
apparatus as still another embodiment of this invention, Fig. 8 is a diagram illustrating the construction of a 
rinsing apparatus as a further embodiment of this invention, Fig. 9 is a diagram illustrating the construction 
5 of another rinsing apparatus of this invention, and Fig. 10 is a diagram showing the relation between the 
mixing ratio of perfluorocarbon with Freon 113 and the degree of influence of Freon 113 on the 
environment. 

Detailed Description of the Invention: 

w 

Now, the present invention will be described more specifically below with reference to embodiments 
thereof. 

Fig. 1 is a diagram illustrating the construction of a cleaning apparatus constructed to execute a 
cleaning method as one embodiment of this invention. The cleaning apparatus illustrated in the diagram is 

75 provided, inside an apparatus proper 20 incorporating therein a belt conveyor as means 10 for conveying a 
part 1 subjected to cleaning, with shower cleaning means 30 intended for a cleaning step, immersion rinsing 
means 40 intended for a rinsing step, and drying means 50 adapted to operate with the vapor of a vapor 
cleaning agent having a perfluorocarbon as a main component thereof and intended for a drying step, with 
the means 30, 40, and 50 laid sequentially in the order mentioned along the direction of travel of the 

20 conveying means 10. 

The apparatus proper 20 is formed in a hermetically sealed construction except for an inlet part 21 and 
an outlet part 22 of the conveying means 10. The interior of the apparatus proper 20 is divided into two 
chambers 20a, 20b with a partition panel 23 disposed on the rinsing means 40. To the anterior chamber 
20a and the posterior chamber 20b separated by the partition panel 23 are respectively connected air- 
25 discharging systems 24, 25. Thus, the chambers independently aspirate the ambient air via open parts (the 
inlet part 21 and the outlet part 22) of the apparatus proper 20. By consequently establishing negative 
pressure inside the anterior chamber 20a and the posterior 20b, the leakage of the vapor such as of a 
perfluorocarbon from the apparatus proper 20 is precluded and the recovery for reuse of the perfluorocar- 
bon is realized. 

30 In the shower cleaning means 30, a conveyor 12 for the cleaning step connected to an inlet side 
conveyor 11 serves to convey the part 1 subjected to cleaning. The shower cleaning means 30 incorporates 
therein a shower cleaning bath 32 which is provided with a plurality of shower nozzles 31 disposed so as to 
blow a cleaning agent against the part 1 in conveyance from the opposite lateral sides. By the shower 
cleaning, such defiling substances as grease and water adhering to the part 1 under treatment are removed. 

35 The cleaning agent mentioned above is selected to suit the purpose of cleaning or the kind of part 
subjected to cleaning. For example, a nonaqueous cleaning agent produced by adding to a silicon type 
solvent like Technocare FRW-13 (b.p. 176°C; produced by Kabushiki Kaisha Toshiba) a surfactant as a 
cleaning ability-improving agent and a nonaqueous type cleaning agent produced by adding to a silicone 
type solvent like Technocare FRW-14 (b.p. 176°C) or FRW-15 (b.p. 178°C) (produced by Kabushiki Kaisha 

40 Toshiba) a polyhydric alcohol as a cleaning ability-improving agent are used. The shower cleaning bath 32 
is connected to a reserve tank 34 through the medium of a pipe 33. From this reserve tank 34, the cleaning 
agent is circulated by a pump 35 through the site of service. A filter 36 is inserted in the pipe 33. This filter 
36 deprives the cleaning agent flowing therethrough of such defiling substances as solid particles and 
undissolved substances. 

45 The rinsing means 40 is provided with an immersion rinsing bath 41 holding therein a rinsing agent 
variable with the purpose of rinsing. A conveyor 13 intended for the rinsing step is laid in such a manner 
that the part 1 to be cleaned may pass the interior of the immersion rinsing bath 41 . The cleaning agent 
and ionic dirt adhering to the part 1 which has passed through the shower cleaning means 30 are rinsed off 
from the part 1 by the passage of the part 1 through the interior of the immersion rinsing bath 41 . As the 

50 rinsing agent, Technocare FRW-1 formed solely of a silicone type solvent (b.p. 176°C; produced by 
Kabushiki Kaisha Toshiba), or Technocare FRV-1 formed of perfluorocarbon (b.p. 100°C; produced by 
Kabushiki Kaisha Toshiba), for example, is used. 

To the immersion rinsing bath 41 is connected a circulation system which is omitted from the diagram. 
By means of a cleaning liquid-purifying device adapted to effect extraction from water, for example, the 

55 used rinsing agent is purified. The extraction from water suffices to attain purification of the used rinsing 
agent because the cleaning ability-improving agent and ionic dirt mingling in the rinsing liquid formed of a 
silicone type solvent or a perfluorocarbon can be extracted from water. Owing to the cleaning liquid- 
purifying device, the rinsing agent is always kept in a clean state. 
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The drying means 50 is composed mainly of a drying furnace 51 for maintaining the vapor cleaning 
agent formed mainly of perfluorocarbon in the form of vapor depending on the boiling point of the 
perfluorocarbon and a cooling pipe 52 laid above the drying furnace 51 so as to prevent the vapor of 
perfluorocarbon from diffusing out of the drying furnace 51. Further, a conveyor 14 intended for the drying 
s step is laid in such a manner that the part 1 subjected to cleaning may pass the interior of the drying 
furnace 51 which is filled as with the vapor of perfluorocarbon mentioned above. 

The vapor cleaning agent having a perfluorocarbon as a main component is vaporized by a vaporizer 62 
which is provided with a heater 61 as illustrated in Fig. 2 and the resultant vapor is supplied via a vapor 
inlet 53 into the drying furnace 51. As the vapor cleaning agent formed mainly of a perfluorocarbon, one 
w member selected from among Florinate FC-72, ditto FC-84, ditto FC-77, and ditto FC-75 and Technocare 
FRV-1 may be used. 

On the part 1 conveyed by the conveyor 14 for the drying step into the drying furnace 51 filled with the 
vapor such as of perfluorocarbon, the vapor of perfluorocarbon remains thereon in the form of dews until the 
temperature thereof reaches the boiling point of perfluorocarbon and serves to rinse off the rinsing agent 

75 adhering to the surface of the part 1 . By the time the temperature of the part 1 rises beyond the boiling 
point of perfluorocarbon, nothing is remaining any further on the surface of the part 1. Thus, the cleaned 
part is conveyed out of the apparatus in a dry state. The rinsing agent removed by the vapor cleaning 
mentioned above is discharged through a drain vent 54 disposed below the drying furnace 51 , deprived of 
defiling substances as by extraction from water, and then separated into the silicone type solvent and the 

20 perfluorocarbon and put to use independently of each other. This separation of the silicone type solvent and 
the perfluorocarbon is accomplished by sedimentation resorting to difference in specific gravity or by 
centrifugation, for example. 

The air-discharge systems 24, 25 installed in the apparatus proper 20 are severally connected to 
cleaning agent-recovering devices 64 which are provided with a shower mechanism 63 adapted to establish 

25 contact between the water used for extraction of the cleaning agent component and the aspirated air. The 
cleaning agent-recovering device 64 connected to the anterior chamber 20a side air-discharge system 24 
permits exclusive separation for recovery and reuse of the water-insoluble silicone type solvent by blowing 
water W against the aspirated gas G thereby effecting extraction of the cleaning ability-improving agent 
from water. The cleaning agent-recovering device 64 connected to the posterior chamber 20b side air- 

30 exhaust system 25 permits mutual separation for recovery and reuse of the water-insoluble silicone type 
solvent and the perfluorocarbon by similarly subjecting the cleaning ability-improving agent to extraction 
from water. To the inlet part 21 side of the apparatus proper 20 is connected a separate air-discharge 
system 26 adapted to enhance the efficiency of the recovery such as of the cleaning agent. 

The embodiment given thus far concerns a cleaning apparatus which uses a shower cleaning means 30 

35 for the cleaning step. The apparatus may optionally use an ultrasonic immersion cleaning means 70 as 
illustrated in Fig. 4. The cleaning apparatus illustrated in Fig. 4 has the same construction as the cleaning 
apparatus illustrated in Fig. 1 , except for the use of the ultrasonic immersion cleaning means 70. 

The ultrasonic immersion cleaning means 70 is provided with an ultrasonic immersion bath 71 having 
the conveyor 12 for the cleaning step laid therethrough. The passage of the part 1 subjected to cleaning 

40 inside this ultrasonic immersion bath 71 results in the removal of such defiling substances as grease and 
water adhering to the part 1 . The cleaning agent used in this case is the same as that used in the preceding 
embodiment. To the ultrasonic immersion bath 71 , the cleaning agent from a reserve tank 73 is incessantly 
supplied by a pump 74 via a pipe 72 so that it will overflow the bath 71 . The cleaning agent overflowing the 
ultrasonic immersion bath 71 is returned from a buffer tank 75 to the reserve tank 73. A filter 76 inserted in 

45 the pipe 72 serves to remove such defiling substances as solid particles and undissolved substances 
entrained in the cleaning agent. 

Now, the results of a cleaning test performed by using a cleaning apparatus constructed as illustrated in 
Fig. 1 for the removal of flux will be described below. 

Circuit substrates having various species of flux stuck thereto were cleaned by three minutes' shower 

50 cleaning, three minutes' rinsing, and six minutes' drying, using Technocare FRW-14 and FRW-15 as 
silicone type cleaning agents incorporating therein a polyhydric alcohol in the shower cleaning means 30, 
Technocare FRW-1 as a silicone type cleaning agent in the rinsing means 40, and Florinate FC-75 as a 
perfluorocarbon type solvent in the drying means. The results of the cleaning and the kinds of flux are 
shown in Table 1 . The results of cleaning were visually rated on the three-point scale, wherein © stands for 

55 thorough cleaning, O for nearly satisfactory cleaning, and A for insufficient cleaning. 



10 



EP 0 496 899 A1 



Table 1 



kind of flux 


Shower cleaning agent 


FRW-14 


FRW-15 


Rosin type (PO-F-4900) 


O 


® 


Rosin type (PO-F-4600) 


O 


® 


Rosin type (PO-F-1010S) 


o 


® 


Rosin type (PO-Z-7) 


® 


® 


Water-soluble flux (WF-57) 


o 


® 


Water-soluble flux (WF-37) 


A 


® 


Rosin type (Delta Lux 507) 


® 





15 The perfluorocarbon type solvent used in the test mentioned above was tested for resistance to water 
mark by the following method. The results are shown in Table 2. The comparative experiments whose 
results are also shown in this table used Freon 113 and isopropyl alcohol as conventional vapor cleaning 
agents. 

20 (a) Resistance to water mark 

Various substrates (stainless steel sheet, ceramics, polycarbonate, and Ni-plated steel sheet) were 
cleaned in the same manner as in the cleaning test described above and then subjected to vapor drying 
under the same conditions as above. The comparative experiments were carried out under the same 
25 conditions. Then, the surfaces of the cleaned substrates were examined in point of water mark visually and 
under a scanning electron microscope and evaluated on the four-point scale, wherein XX stands for 
destruction caused by corrosion on a substrate during the draining step made the substrate no longer 
evaluable, x for presence of visually discernible water mark, O for absence of visually discernible water 
mark, and © for absence of water mark exceeding 50 urn under the scanning electron microscope. 

30 

(b) Continuous water-marking property 

A stainless steel sheet as a substrate was subjected to 50 rounds of drying test and, after the test, the 
surface of the cleaned substrate was examined in the same manner as in (a) above. 

35 

Table 2 







Example 


Comparative 
Experiment 


40 




Perfluorocarbon 
(FC-75) 


Freon 
113 


Isopropyl 
alcohol 


45 


Water-marking property 
Stainless steel sheet 
Ceramics 
Polycarbonate 
Ni-plated steel sheet 


© 

® 
@ 


o 
@ 


O 
o 

XX 

o 


50 


Continuous water-marking 
Property 


© 




o 



It is clearly noted from the results of the test described above that the cleaning apparatus using vapor 
55 cleaning with a cleaning agent having the aforementioned perfluorocarbon as a main component thereof 
permitted thorough removal of flux by nonaqueous cleaning, exhibited ideal resistance to water mark, and 
allowed superprecision cleaning. This fact indicates that the cleaning agent is satisfactorily usable as a 
substitute for Freon type solvents. Since this cleaning apparatus uses a cleaning agent which, unlike a 
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Freon type solvent, is incapable of causing any environmental pollution and contains substantially no 
chlorine, it allows a marked decrease in the adverse effects on the environment and avoids manifesting any 
adverse effect on human bodies and enables desired cleaning to be carried out with high safety. 

Further, in the cleaning apparatus constructed as described above, since the apparatus proper has the 

s interior thereof kept under negative pressure owing to evacuation and protected against leakage of the 
cleaning agent and the perfluorocarbon and since the gas discharged from the apparatus is deprived of 
such components for recovery, the effect upon the ambience can be minimized and the otherwise waste of 
the cleaning agent and perfluorocarbon can be prevented. Since the cleaning apparatus excels safety and 
permits efficient and advantageous use of the cleaning agent, it attains a generous saving in the 

w consumption of the cleaning agent and contributes to lowering the running cost. 

The test (evaluation) described above represented a case involving the combination of a cleaning step 
resorting to a silicone type solvent containing a cleaning ability-improving agent and a rinsing step resorting 
solely to a silicone type solvent. The effect of the cleaning step described above may be similarly obtained 
by using in this step a silicone type solvent alone, a cleaning agent having perfluorocarbon as a main 

75 component thereof, or a hydrophilic solvent, depending on the kind of the part subjected to cleaning or the 
kind of defiling substance. When a cleaning agent having perfluorocarbon as a main component is used in 
the cleaning step, a Freon type solvent or a chlorine type organic solvent may be used as the vapor 
cleaning agent in the drying step. 

Incidentally, the cleaning apparatus of the preceding embodiment illustrated in Fig. 1 and Fig. 4 has 

20 been described with respect to a case in which the cleaning agent used in the cleaning steps 30, 70, is 
purged by means of the filter 36. The purgation of the used and defiled cleaning agent may be otherwise 
accomplished by the operation of distillation. If the cleaning agent used in this case happens to be an 
inflammable solvent, the distillation is desired to be carried out in an atmosphere of the inactive vapor 
obtained by heating perfluorocarbon. 

25 Fig. 5 illustrates one example of a distillation device for the inflammable solvent. The interior of a 
distillation device proper 81 is divided by a partition wall 82 into a defiled liquid container bath 84 for 
accommodating therein a used and defiled cleaning agent 83, i.e. the cleaning agent containing the 
inflammable solvent defiled by use, and an inactive bath 86 to be filled with a perfluorocarbon liquid 85. An 
upper opening part 81a of the distillation device proper 81 is tightly closed with a lid 87. The defiled liquid 

30 container bath 84 and the inactive bath 85 are provided therein severally with heating sources 88 adapted to 
heat and vaporize the liquids contained in the baths. 

The distillation device proper 81 is provided on the inner wall surface on the upper opening part 81a 
side with a condensing part 89 formed of a cooling coil, for example, and used for condensing the vapor. 
This condensing part 89 is provided in the lower end thereof with a trough-like condensate receiving part 90 

35 raised annularly from the inner wall surface of the distillation device proper 81 . To the condensate receiving 
part 90 is connected an outlet conduit 92 adapted to lead out of the distillation device proper 81 the 
condensate 91 produced by cooling the vapor by the condensing part 89. This outlet conduit 92 is 
connected to a separator 93. 

The vapor of the defiled cleaning agent 83 and the perfluorocarbon liquid 85 is condensed by being 

40 cooled by the condensing part 89 and the liquefied condensate 91 is recovered by the condensate 
receiving part 90. The condensate 91 thus recovered is divided by the separator 93 into an inflammable 
solvent and a perfluorocarbon liquid. 

The separator 93 is provided therein with a partition wall 95 which is furnished in the lower end thereof 
with a communicating passage 94. By the partition wall 95, the interior of the separator 93 is divided into an 

45 inflammable solvent chamber 96 and a perfluorocarbon liquid chamber 97. The outlet conduit 92 is 
connected to the inflammable solvent chamber 96. Inside this separator 93, the condensate 91 is separated 
by difference in specific gravity into an inflammable solvent and perfluorocarbon. 

To the inflammable solvent chamber 96 is connected an overflow pipe 98 serving for the inflammable 
solvent separated from the condensate 91. By the overflow pipe 98, the inflammable solvent is recovered. 

50 To the perfluorocarbon liquid chamber 97 is connected an overflow pipe 99 serving for the perfluorocarbon 
liquid separated from the condensate 91 . By the overflow pipe 99, the perfluorocarbon is recovered as it 
accumulates to a prescribed volume. 

In the distillation device, the used and defiled cleaning agent 83 is vaporized by heating after the 
interior of the distilling device proper 81 has been filled with the vapor of perfluorocarbon. The vapor of the 

55 defiled cleaning agent 83, i.e. the vapor of the inflammable solvent, threatens the danger of fire in its normal 
state. The distillation device of the present embodiment has only a very remote possibility of causing a fire 
and enjoys remarkably high safety because the device is filled in advance with the vapor of inactive 
perfluorocarbon and the interior of the distillation device proper 81 is kept in a state completely lacking 
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oxygen or containing oxygen only meagerly. 

When the defiled liquid container bath 84 disposed inside the distillation device proper 81 is installed 
inside the inactive bath 86 instead, the trouble entailed in separately heating the defiled cleaning liquid 83 
and the perfluorocarbon liquid 85 can be avoided. The distillation device mentioned above, besides being 
5 used for the operation of distillation, can be used as vapor cleaning means (such as, for example, the drying 
means 50 in the apparatus of Fig. 1) by virtue of the vapor formed in consequence of the operation of 
distillation. 

In the cleaning apparatus of the embodiment described above, when an inflammable solvent is used in 
the cleaning means 30 and 70 and the rinsing means 40 and particularly when the inflammable solvent and 
w air are liable to mingle as during the shower cleaning, the possibility of the inflammable solvent catching fire 
can be avoided by cleaning the part subjected to cleaning with a cleaning agent having the inflammable 
solvent as a main component thereof in an atmosphere of the nonflammable vapor obtained by vaporizing 
perfluorocarbon. 

A perfluorocarbon vapor generating device 110 is installed as juxtaposed to a shower cleaning device 
75 100 as illustrated in Fig. 6. The shower cleaning device 100, similarly to the shower cleaning means 30 in 
the cleaning apparatus illustrated in Fig. 1, is provided with a plurality of shower nozzles 102 adapted to 
blow the cleaning agent against the part 1 subjected to cleaning which is being conveyed by a conveyor 
101. Below the conveyor 101 is disposed an inclined receiving part 103 for the cleaning agent. A recovery 
inlet 104 for the cleaning agent and a reserve tank 105 which are disposed in the lower bottom of the 
20 receiving part 103 are interconnected via a three-way valve 106. To the reserve tank 105 is connected an 
air pump 107. This air pump 107 enables the cleaning agent to be cyclically used. 

The vapor generating device 110 mentioned above possesses an inactive liquid bath 112 containing 
perfluorocarbon 111. A heater 113 for vaporizing the perfluorocarbon 111 is thrust into the inactive liquid 
bath 112 from outside. The vapor generating device 110 and the shower cleaning device 100 are made to 
25 intercommunicate via a switch 114 to permit supply of the vaporized perfluorocarbon into the shower 
cleaning device 100. 

On the vapor generating device 110 is superposed a condensing chamber 116 through the medium of a 
partition wall 115. A communicating hole 117 formed in the partition wall 115 is covered to be opened or 
shut with an inner lid 118 of a stated weight. Inside the condensing chamber 116, a cooling coil 119 for 

30 condensing the vapor is installed. 

In the upper part of the shower cleaning device 100, a cooling coil 108 is helically disposed and utilized 
to cool and condensate the supplied vapor of perfluorocarbon. To the shower cleaning device 100, an inlet 
path 120 for introducing the ambient air when necessary is connected via a switch valve 121. To the shower 
cleaning device 100, an outlet path 122 for guiding out of the device the introduced ambient air and the 

35 vapor of perfluorocarbon is connected. This outlet path 122 is plunged into a water tank 123 filled with 
water. A recovery vent 124 is connected to the bottom of the water tank 123 to render possible the recovery 
of the inflammable solvent and perfluorocarbon which have larger specific gravities than water. 

In the shower cleaning device 100 of this sort, the vapor of the inflammable solvent can be prevented 
from catching fire by having this device 100 filled in advance with the vapor of perfluorocarbon, keeping the 

40 interior of the shower cleaning device 100 in a state completely lacking oxygen or containing oxygen only 
meagerly, and carrying out the shower cleaning in an atmosphere of this vapor. The recovery of the vapor 
of perfluorocarbon after the cleaning is completed can be attained by cooling and condensing the vapor of 
perfluorocarbon with the cooling coil 108 and then advancing the resultant condensate via the three-way 
valve 106 into the inactive liquid bath 112. 

45 The preceding embodiment has been described with respect to a case in which the shower cleaning 
device 100 possessing the vapor generating device 110 is incorporated in a continuous cleaning apparatus. 
When the shower cleaning device described above is used as a batchwise cleaning device, for example, 
the operation of vapor cleaning with the vapor of perfluorocarbon can be continuously performed after the 
operation of shower cleaning. 

50 Now, another embodiment of this invention will be described below with reference to Fig. 7. Fig. 7 
illustrates the construction of a cleaning apparatus for applying this invention to the operation of draining 
and the operation of drying by simple washing with water or by the use of an aqueous type cleaning agent 
after the cleaning operation. 

Inside a cleaning apparatus proper 130, a basket conveying mechanism 131 is installed as conveying 

55 means for a part subjected to cleaning. Along the path for conveyance of the basket conveying mechanism 
131 in the direction of travel thereof, immersing draining means 140 using a cleaning agent having 
perfluorocarbon as a main component thereof, shower draining means 150 using the same cleaning agent, 
and drying means 160 using the vapor of a cleaning agent having perfluorocarbon as a main component are 
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disposed sequentially in the order mentioned. 

The apparatus proper 130 mentioned above has a tightly sealed construction except for an inlet part 
132 and an outlet part 133 of the basket conveying mechanism 131. An air discharge system 134 is 
connected to the apparatus proper 130 of a tightly sealed construction. By establishing negative pressure 
s inside the apparatus proper 130, the air discharge system 134 prevents the vapor of perfluorocarbon from 
leaking out of the apparatus proper and, at the same time, enables the perfluorocarbon to be recovered and 
put to reuse. 

The immersion draining means 140 mentioned above possesses an immersion bath 141 containing a 
cleaning agent having perfluorocarbon as a main component thereof. The parts which are conveyed by the 

w basket conveying mechanism 131 as contained in baskets 135 have been either cleaned by a separately 
installed cleaning device using an aqueous cleaning agent or rinsed with water. The defiling substances 
such as water which adhere to the surface of the parts subjected to cleaning are removed by immersing the 
parts in the cleaning agent having perfluorocarbon as a main component thereof. 

This removal of water is realized by the fact that the water floats up to the surface of the perfluorocar- 

75 bon liquid owing to the difference in specific gravity between the perfluorocarbon and water. Where the 
removal of water by the difference in specific gravity is not sufficient, the water adhering to the surface of 
the parts subjected to cleaning is supplemented as by the use of the mechanical energy of ultrasonic waves 
generated by an ultrasonic wave oscillator 142 installed inside the immersion bath 141. 

The shower draining means 150 comprises a shower cleaning bath 152 which possesses a plurality of 

20 shower nozzles 151 laid so as to blow a cleaning agent having perfluorocarbon as a main component 
thereof against the parts subjected to cleaning. In consequence of this shower cleaning, the defiling 
substances such as water which remain on the surface of the parts subjected to cleaning are removed. 
Even when these defiling substances are suffered to adhere again to the parts in consequence of the 
immersion cleaning mentioned above, they are removed from the parts by the shower cleaning. The 

25 removal of the defiling water by this shower cleaning is realized as by the fact that the water remaining on 
the surface of the parts subjected to cleaning is hurled away by the kinetic energy caused by the difference 
in specific gravity between the perfluorocarbon and water. 

The various species of perfluorocarbon mentioned previously herein are available for the cleaning agent 
having perfluorocarbon as a main component thereof and used in the immersion rinsing device 140 and the 

30 shower rinsing device 150. 

The drying means 160 is composed of a vapor cleaning bath 162 possessing a vapor generating part 
161 adapted to vaporize the perfluorocarbon and a cooling pipe 163 set in place in the upper part of the 
vapor cleaning bath 162 so as to prevent the vapor of perfluorocarbon from diffusing out of the vapor 
cleaning bath 162. On the surface of the parts subjected to cleaning which have been conveyed into the 

35 vapor cleaning bath 162 filled with the vapor of perfluorocarbon, the vapor of perfluorocarbon is retained in 
the form of dews until the temperature of the parts subjected to cleaning reaches the boiling point of 
perfluorocarbon. When the temperature of the parts subjected to cleaning reaches the boiling point of 
perfluorocarbon, the perfluorocarbon begins to vaporize, with the result that the parts subjected to cleaning 
are conveyed out of the cleaning apparatus in a state no longer having any defiling substance adhering to 

40 the surface thereof. 

Even when water adheres in an extremely minute amount to the surface of the part subjected to 
cleaning, this water can be removed because the vapor of perfluorocarbon is retained in the form of dews 
on the surface of the part subjected to cleaning and the dews, while trickling down the surface of the part 
subjected to cleaning, scrub the water off the surface. The removal of this water can be otherwise attained 

45 by causing the latent heat of the vapor of perfluorocarbon to elevate the temperature of the water and that 
of the part subjected to cleaning and induce conversion of water into steam. 

Though the perfluorocarbon to be used in the drying means 160 is variable with the vapor pressure 
thereof, it is desired to possess a boiling point not exceeding the boiling point of water. This is because the 
water adhering to the surface of the part subjected to cleaning effervesces and possibly causes water mark 

50 on the surface when the part subjected to cleaning is brought into an atmosphere of a temperature 
exceeding the boiling point. 

By the use of a draining device constructed as described above, various substrates having defiling 
water deposited on the surface thereof were cleaned and dried under the conditions of three minutes' 
immersion cleaning, three minutes' shower cleaning, and three minutes' drying with Technocare FRV-1 (a 

55 proprietary product of Kabushiki Kaisha Toshiba) used as the perfluorocarbon type solvent in the immersion 
draining means 140, as the perfluorocarbon type solvent in the shower draining means 150, and as the 
perfluorocarbon type solvent in the drying means 160. The cleaned substrates were evaluated with respect 
to resistance to water mark on the same scale as used previously herein. The results are shown in Table 3. 
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Table 3 





Example 


Comparative 
Experiment 


Per f luorocarbon 
(FRV-1 ) 


Freon 113 


Isopropyl 
alcohol 


Water-marking property 
Stainless steel sheet 
Ceramics 
Polycarbonate 
Ni-plated steel sheet 


© 

@ 

<§> 


@ 

O 


O 
O 

XX 

o 



It is clearly noted from the results of evaluation given above that the draining device using the cleaning 
agent having perfluorocarbon as a main component thereof effected through removal of defiling water from 
the surface of the parts subjected to cleaning, kept the parts against infliction of water mark, permitted 
20 untroprecision cleaning, and consequently proved comparable favorably with the coutnertype device using 
Freon type solvent. 

Further, the cleaning apparatus constructed as described above minimizes the exertion of an adverse 
effect on the environment and avoids needless loss of perfluorocarbon because the apparatus is prevented 
from leakage of the perfluorocarbon and enabled to recover the perfluorocarbon from the discharged air. 
25 Since this apparatus excels operational safety and attains efficient and effective use of the cleaning agent, 
therefore, it permits a generous reduction in the consumption of the cleaning agent and contributes to 
lowering the running cost. 

The embodiment described thus far has been depicted as effecting displacement of defiling water by 
immersion cleaning and shower cleaning and subsequently drying the cleaned surface with the vapor of 

30 perfluorocarbon. Optionally, the cleaning and the drying can be accomplished solely by the cleaning with 
the vapor of perfluorocarbon. In this case, the water on the surface of the part subjected to cleaning is 
extended and uniformly dried when the vapor of perfluorocarbon is deposited in the form of dews on the 
surface of the part subjected to cleaning and the surface of the part subjected to cleaning is consequently 
covered with the perfluorocarbon liquid. The removal of the water is effected as by the floatation of water 

35 due to the difference in specific gravity between the water and the perfluorocarbon or the shedding of the 
water after the deposition of perfluorocarbon in the form of dews. 

Now, yet another embodiment of this invention will be described below with reference to Fig. 8. Fig. 8 
illustrates one example of a cleaning apparatus using perfluorocarbon as a rinsing agent. 

In a cleaning bath 170, a rinsing agent 171 having perfluorocarbon as a main component thereof is 

40 contained. This cleaning bath 170 is formed separately of a vapor generating bath 172 which contains the 
same rinsing agent 171 having perfluorocarbon as a main component thereof. A heater 173 for generation 
of vapor is placed in the rinsing agent 171 contained in the vapor generating bath 172. A cooling coil 174 
for cooling and condensing the vapor of perfluorocarbon is set place on the upper inner surface of the vapor 
generating bath 172. An intermediate lid 175 having a proper weight is disposed so as to be opened and 

45 shut between the cooling coil 174 and the rinsing agent 171 filling the vapor generating bath 172. This 
intermediate lid 175 serves to control the pressure of a nonflammable vapor 176. 

The vapor generating bath 172 mentioned above is connected to the cleaning bath 170 via a feed 
mouth 178 furnished with a switch valve 177 and adapted to supply the vapor 176 of the rinsing agent 171 
having perfluorocarbon as a main component thereof. The cleaning bath 170 is provided on the vapor 

50 generating bath 172 side thereof with an elevating mechanism 179 using an air cylinder, an oil cylinder and 
the like. 

A vertical lever 180 is connected to the elevating mechanism 179 and adapted to impart a vertical 
motion to a cleaning base 181 which is fixed to the lower end of the vertical lever 180. 

Above the cleaning bath 170, a gateway part 184 for a part 183 subjected to cleaning is seated through 
55 the medium of a cooling coil 182 serving to condensate the vapor 176 of the rinsing agent 171. This 
gateway part 184 is provided with an entrance 185 for allowing reciprocation therethrough of the part 183 
subjected to cleaning and a shutter 186 adapted to open and shut the entrance 185. The gateway part 185 
is provided with a loading base 187 for mounting thereon the part 183 subjected to cleaning. In the diagram, 
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188 stands for a water separating device. 

In the rinsing device constructed as described above, the part 183 subjected to cleaning which has 
been cleaned with a varying cleaning agent and consequently covered thereon with the cleaning agent is 
rinsed by introducing this part 183 of a defiled surface into the device and immersing it in the rinsing agent 

s 171. This immersion is implemented by inserting the part 183 subjected to cleaning from the loading base 
187 via the entrance 185 into the gateway part 184, operating the elevating mechanism 179 thereby leveling 
the cleaning base 181 with the gateway part 184, placing the part 183 subjected to cleaning on the cleaning 
base 181, and lowering the cleaning base 181 into the rinsing agent 171. This rinsing by the immersion in 
the rinsing agent 171 can be effected either by vertically oscillating the cleaning stand 181 or exposing the 

w part 183 subjected to cleaning to ultrasonic waves generated by the operation of an ultrasonic oscillator 
189. 

Though the rinsing of the part 183 subjected to cleaning can be effected solely by immersion in the 
rinsing agent 171 as described above, it may be attained by the combination of this immersion with vapor 
cleaning. The rinsing thus performed enables the part 183 subjected to cleaning to be dried easily. The 

75 vapor cleaning is accomplished by opening the switch valve 177 thereby introducing into the cleaning bath 
170 the vapor 176 of the rinsing agent 171 generated in the vapor generating bath 172 and having 
perfluorocarbon as a main component thereof. 

The rinsing of the part 183 subjected to cleaning may be otherwise effected by spouting the rinsing 
agent 171 against the part 183 subjected to cleaning instead of immersing the part 183 in the rinsing agent 

20 171 or exposing the part 183 to the vapor of the rinsing agent 171. 

The rinsing by virtue of the injection of the rinsing agent 171 is implemented by the use of a cleaning 
bath 190 constructed as illustrated in Fig. 9. An upper end opening 190a of the cleaning bath 190 illustrated 
in this diagram is adapted to be sealed with a lid 191. This cleaning bath 190 is connected to a cleaning 
agent container bath 192 holding the rinsing agent 171 composed mainly of perfluorocarbon through the 

25 medium of a communicating path 193 laid between the bottom parts. On the inner wall of the cleaning bath 
190, spouting nozzles 194 for the rinsing agent 171 are disposed. To the spouting nozzles 194, a spouting 
pump 195 communicating with the cleaning agent container bath 192 is connected through the medium of 
conduits 196. The part 183 subjected to cleaning is rinsed by the spouting pump 195 spouting highly 
compressed the rinsing agent 171 against the part 183 subjected to cleaning. 

30 Now, the results of the cleaning evaluation by using a rinsing apparatus constructed as illustrated in Fig. 
8 in the cleaning of sample parts defiled with mineral oil (rolling oil) will be described below. 

First, a stainless steel sheet (50 mm x 80 mm x 1 mm(thickness)) smeared with a mineral oil type 
defiling was used as a part subjecting to cleaning. A cleaning step and rinsing step for the removal of 
residual cleaning agent, indicated in Table 4, were performed on the part subjected to cleaning by the 

35 separately placed cleaning apparatus. The part was then conveyed into a rinsing apparatus constructed as 
illustrated in Fig. 8 and subjected therein to a rinsing (drying) step performed under the varying conditions 
indicated in Table 5. The results of the cleaning were evaluated in terms of the amount of oil adhering to 
the surface of the cleaned part. The amount of oil used for the evaluation was determined by extracting the 
oil adhering to the surface of the sample with carbon tetrachloride and measuring the concentration of the 

40 removed oil in the extract by the non-dispersion type infrared absorption method. The magnitude found by 
this determination resulted from reduction to heavy oil B. The results are shown in Table 5. For comparison 
with the results of this invention, those obtained of parts cleaned with Freon 113 and of parts not cleaned 
will be described additionally. 

45 
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Table 5 





Samole No 


Rinsina (drvina^ steo 


Amount of residual oil 








oer samole (ml) 






Cleaning agent and cleaning method 




Example 


1 


Rinsing by immersion and 


0.20 




2 


cleaning by exposure to 


0.10 




3 


vapor of FRV-1 (Toshiba) 


0.085 




4 


(boiling point 100°C, 60 


0.040 




O 


seconds) 


u. i y 




6 




0.17 




7 




0.16 




8 




0.12 




9 




0.095 




10 




0.080 


Comparative 


11 


Cleaning by exposure to 


0.19 


Experiment 


12 


vapor of Saifron S3 (boiling 


0.13 




13 


point 47° C, 60 seconds) 


0.075 




14 


(No cleaning) 


1.22 



Incidentally, though the rinsing by immersion in perfluorocarbon may be omitted as in the cleaning 
apparatus illustrated in Fig. 1, there are times when better results are obtained by including this step of 
rinsing as in the embodiment just described above. The cleaning with vapor fails to produce fully desirable 
results, for example, where the part subjected to cleaning has a small thermal capacity and, in the step of 
cleaning with the vapor of perfluorocarbon, the part is readily heated to the temperature of the vapor and 
the vapor is not allowed to be condensed sufficiently. In this case, it is more advantageous to effect the 
cleaning by additionally resorting to the immersion in perfluorocarbon than by solely resorting to the 
exposure to the condensate of the vapor. 

The results of a trial operation of a rinsing apparatus constructed as illustrated in Fig. 8 in the cleaning 
of a plastic container for the removal of fine dust adhering to the container will be described below. 

A rinsing agent composed mainly of perfluorocarbon and having a boiling point of 56 °C (a product of 
Kabushiki Kaisha Toshiba marketed under trademark designation of "Technocare FRV-2") was used. 
Containers of a polycarbonate to which fine dust floating in the room air had adhered were cleaned and 
dried under the conditions of three minutes' cleaning by immersion and three minutes' cleaning of the 
foregoing description in a clean room. In accordance with the following scale, the cleaned and dried 
containers were evaluated by visual observation under a visible light and by visual observation under the 
light from a UV lamp in a dark room. The results are shown in Table 6. For comparison with this invention, 
the results similarly obtained severally with Freon 113 and IPA are additionally described. 

XX: Presence of at least 0.1 speck of visually discernible dust per cm 2 under visible light 
X: Presence of at most 0.1 speck of visually discernible dust per cm 2 under visible light 

O: Presence of at least 0.1 speck of visually discernible dust per cm 2 under UV light 
©: Presence of at most 0.01 speck of visually discernible dust per cm 2 under UV light 

Table 6 





Example FRV-2 


Comparative Experiment 


Freon 1 1 3 


IPA 


Count of dust 


® 


® 


O 



Industrial Practicability: 

The cleaning method of this invention produces the same effects (such as impartation of resistance to 
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water mark) as the cleaning with a Freon type solvent and the drying with the vapor of the Freon Type 
solvent. It conspicuously diminishes the environmental pollution because it uses a cleaning agent having as 
a main component thereof perfluorocarbon containing substantially no chlorine. Thus, it permits ul- 
traprecision cleaning to be effected with great safety inclusive of the influence on the environment. 
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Claims 

1. A method for cleaning a part subjected to cleaning, characterized by effecting the cleaning, rinsing, or 
drying of said part subjected to cleaning by the use of a cleaning agent having perfluorocarbon as a 

5 main component thereof or the vapor of said cleaning agent. 

2. A method according to claim 1, wherein said cleaning agent having perfluorocarbon as a main 
component thereof consists solely of perfluorocarbon or a mixture of perfluorocarbon with an auxiliary 
agent. 

w 

3. A method according to claim 2, wherein said auxiliary agent is an agent for improving the cleaning 
ability or an agent for improving the draining property and said auxiliary agent is mixed in the range of 
70% by volume or less to perfluorocarbon. 

75 4. A method according to claim 1 , wherein said cleaning agent or a rinsing agent adhering to the surface 
of said part subjected to cleaning after said part subjected to cleaning has been cleaned or rinsed is 
removed with said cleaning agent having perfluorocarbon as a main component thereof or the vapor of 
said cleaning agent. 

20 5. A method according to claim 4, wherein the cleaning agent to be used in said step of cleaning or the 
rinsing agent to be used in said step of rinsing contains at least water. 

6. A method for cleaning comprising the steps of: 

cleaning a part subjected to cleaning by the use of a cleaning agent containing a nonaqueous type 
25 solvent or an aqueous type solvent, and 

rinsing said part subjected to cleaning covered with said cleaning agent by the use of a rinsing 
agent having perfluorocarbon as a main component thereby removing said cleaning agent from the 
surface of said part subjected to cleaning. 

30 7. A method according to claim 6, wherein said rinsing of said part subjected to cleaning is effected by 
immersing said part subjected to cleaning in said rinsing agent having perfluorocarbon as a main 
component thereof. 

8. A method according to claim 6, wherein said rinsing of said part subjected to cleaning is effected by 
35 the use of the vapor of said rinsing agent having perfluorocarbon as a main component thereof. 

9. A method according to claim 6, wherein said rinsing is effected by spouting against said part subjected 
to cleaning said rinsing agent having perfluorocarbon as a main component thereof. 

40 10. A method according to claim 6, wherein said cleaning agent has as a main component thereof at least 
one inflammable solvent selected from among terpene type solvents, hydrocarbon type solvents, 
silicone type solvents, kerosene and alcohol type solvents. 

11. A method according to claim 10, wherein said cleaning of said part subjected to cleaning is effected by 
45 the use of a cleaning agent having as a main component thereof said inflammable solvent in an 

atmosphere of an inactive vapor resulting from thermal vaporization of perfluorocarbon. 

12. A method according to claim 6, wherein at least one form of cleaning selected from among cleaning for 
decreasing, cleaning for draining, and precision cleaning is carried out in said step of cleaning. 

50 

13. A method for cleaning comprising the steps of: 

cleaning a part subjected to cleaning by the use of a cleaning agent containing a nonaqueous type 
solvent or an aqueous type solvent, and 

drying said part subjected to cleaning by the use of the vapor of a vapor cleaning agent having 
55 perfluorocarbon as a main component thereof. 

14. A method according to claim 13, wherein said cleaning agent is a nonaqueous type cleaning agent 
having as a main component thereof at least one nonaqueous type solvent selected from among 
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perfluorocarbon, terpene type solvents, hydrocarbon type solvents, silicone type solvents, and kero- 
sene. 

15. A method according to claim 14, wherein said rinsing of said part subjected to cleaning after said step 
s of cleaning is carried out with a rinsing agent having as a main component thereof at least one 

nonaqueous type solvent selected from among perfluorocarbon, terpene type solvents, hydrocarbon 
type solvents, silicone type solvents, and kerosene. 

16. A method according to claim 13, wherein said step of cleaning is followed by rinsing said part 
w subjected to cleaning with an alcohol type solvent cooled to below the flash point thereof thereby 

removing said cleaning agent adhering to the surface of said part subjected to cleaning and thereafter 
removing said alcohol type solvent in an atmosphere of the vapor of said vapor cleaning agent having 
perfluorocarbon as a main component thereof. 

75 17. A method according to claim 13, wherein said cleaning agent has as a main component thereof at least 
one inflammable solvent selected from among terpene type solvents, hydrocarbon type solvents, 
silicone type solvents, kerosene, and alcohol type solvents. 

18. A method according to claim 17, wherein the condensate obtained by thermally vaporizing said 
20 cleaning agent having said inflammable solvent as a main component thereof and said vapor cleaning 

agent having perfluorocarbon as a main component, and cooling and condensing the resultant vapor is 
separated into said inflammable solvent and perfluorocarbon by the use of a separator. 

19. A method according to claim 18, wherein said vapor is used in said step of drying. 

25 

20. A method according to claim 17, wherein said cleaning of said part subjected to cleaning is carried out 
with the cleaning agent having said inflammable solvent as a main component in an atmosphere of an 
inactive vapor resulting from thermal vaporization of perfluorocarbon. 

30 21. A method according to claim 13, wherein said perfluorocarbon has a boiling point at least 20 °C lower 
than the boiling point of the cleaning agent to be used in said step of cleaning. 

22. A method according to claim 13, wherein one form of cleaning selected from among cleaning for 
decreasing, cleaning for draining, and precision cleaning is carried out in said step of cleaning. 

35 

23. A method for cleaning a part subjected to cleaning by the use of a cleaning agent containing an 
inflammable solvent, characterized by said cleaning being carried out with said cleaning agent 
containing the inflammable solvent in an atmosphere of an inactive vapor resulting from thermal 
vaporization of perfluorocarbon. 

40 

24. A cleaning apparatus comprising: 

an apparatus proper having a conveying mechanism for a part subjected to cleaning installed 
therein and incorporating therein a gateway for said conveying mechanism, 

cleaning means disposed on the inlet part side of said conveying mechanism in said apparatus 
45 proper, and 

drying means disposed on the outlet part side of said conveying mechanism in said apparatus 
proper and to utilize the vapor of a vapor cleaning agent3 having perfluorocarbon as a main component 
thereof. 

50 25. A cleaning apparatus according to claim 24, wherein said apparatus proper is endowed with a tightly 
sealed construction, provided with partition means serving to divide the interior of said apparatus proper 
into two chambers, and furnished severally in the two divided chambers with air discharging means 
adapted to establish negative pressure inside said apparatus proper. 

55 26. A cleaning apparatus according to claim 25, which further comprises means for severally recovering 
said cleaning agent and perfluorocarbon from the gas extracted through said air discharging means. 

27. A cleaning apparatus according to claim 24, which further comprises an inactive vapor generating 
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means for thermally vaporizing perfluorocarbon and supplying the resultant vapor to said cleaning 
means. 

28. A cleaning apparatus according to claim 24, which further comprises a defiled liquid container bath for 
accommodating the used and consequently defiled cleaning agent having an inflammable solvent as a 
main component thereof, an inactive bath for accommodating perfluorocarbon, a heating source for 
severally vaporizing said defiled cleaning agent and perfluorocarbon, a condensing mechanism for 
condensing the vapors of said defiled cleaning agent and perfluorocarbon, and a separator for 
separating the condensate produced by said condensing mechanism into said inflammable solvent and 
perfluorocarbon. 
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FIG. 2 




FIG. 3 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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